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Introduction
Since 1981, malignant neoplasms have been the leading cause of death in Japan, 1 and their number of deaths in 2015 was 370 346 (304.6 per 100 000 population, 28.7% of all deaths). Among them, lung cancer becomes the most common cause of death in men while colorectal cancer (CRC) is the most common in women since 2003. Meanwhile, CRC is the third leading cause in men.
In June of 2007 in Japan, Basic Plans to Promote Cancer Control 2 were formulated based on the Cancer Control Act (Act No. 98 of 2006, MHLW), and these plans set the framework for measures to be administered, such as cancer screening for all people over 40s and cancer registration system. Cancer screening aims to decrease the number of cancer deaths by performing early detection and treatment. [3] [4] [5] [6] However, the rates of cancer screening were very low: only 16.1% for lung cancer (14.1% for men, 17.4% for women), 9.3% for stomach cancer (8.6% for men, 9.8% for women), and 19.2% for CRC (16.3% for men, 21 .3% for women) of the population aged above 40 years in 2014. 4 Furthermore, the examination rate by colonoscopy after receiving positive results of fecal occult blood testing (FOBT) screening in 2012 was 64.4% in Japan and 63.4% in Hiroshima Prefecture, but it should be 100% to reduce the CRC mortality.
The aim of this study was to consider the importance of FOBT screening for CRC based on the records from 14 cities and towns in the Hiroshima Prefecture. Therefore, we estimated the incidences of FOBT-positivity and CRC among the general population during a 7-year period and clarified the risk factors for CRC using a 1:10 matched nested case-control study approach.
Methods
Subjects. A total of 267 938 residents from 14 cities and towns in the Hiroshima Prefecture (total 23 cities and towns) underwent regional health checkups at the Organization in Hiroshima prefecture ("the Organization") between April 2007 and March 2014. Among them, a total of 153 351 residents were tested for CRC screening by FOBT.
Based on identification numbers associated with residents and attached to their results of FOBT screening and colonoscopy, we retrospectively followed each subject in the database.
In total, 56 324 residents received 153 351 times for health checkups during 7 years and their health checkup records were analyzed for this study (21 517 men and 34 807 women). The average age at initial examination was 63.9 ± 10.6 years for men (age range, 34-96 years) and 65.0 ± 10.5 years for women (age range, 34-96 years) ( Fig. 1 and Table 1 ).
Incidence rate of fecal occult blood test positivity. To calculate the incidence rate of FOBT (IR-FOBT) positivity among 56 324 residents, 4151 residents who were FOBT-positive at their first visit of health checkup and 22 758 residents who underwent FOBT screening only once during the study period were excluded, and then, 29 415 residents were subjected in this study (Fig. 1) .
Incidence rate of colorectal cancer. To calculate the incidence rate of CRC (IR-CRC), the number of subjects was 31 203 among 56 324 residents, excluding 205 residents who were diagnosed with CRC at the first colonoscopy just after FOBT screening and excluding 24 916 residents who underwent FOBT screening only once during the study period (Fig. 1) . Figure 1 Schematic diagram of subject selection procedure. Study subjects for estimation of fecal occult blood test (FOBT) incidence, colorectal cancer incidence, and risk factor of colorectal cancer were shown by flowchart.
Analysis
residents who did not undergo colonoscopy after FOBT screening or whose follow-up status after FOBT screening was unknown. A nested case-control study was conducted with 1:10 personmatching by assigning 10 controls to each case based on sex and age. All 141 cases out of 30 407 residents who were diagnosed with CRC were selected as the case group while 1410 residents were randomly selected from 21 998 residents as CRC free control group (Fig. 1 ).
Methods for colorectal cancer screening. Procedures of CRC screening for the residents in Japan were recommended by Health Promotion Services, and it has been shown in the guidelines of government. In this study, CRC screening by immunoassay FOBT using two stool specimens from two different days was conducted according to the National Guideline. If results of the FOBT in which two stool specimens from two different days were positive for at least 1 day, the participants received positive results for the FOBT and were strongly recommended to undergo colonoscopy. In "the Organization," FOBT screening was tested by immunoassay FOBT (OC-Hemodia®Auto-III "EIKEN," Eiken Chemical Co., Ltd., Tochigi, Japan) with a cut-off value of 120 ng/mL, sensitivity of 79.6%, and specificity of 91.9%.
Based on the Basic Plan to Promote Cancer Control in Japan, "the Organization" could request and obtain the final diagnosis results from the hospitals/clinics where the colonoscopy was performed after FOBT screening.
Definitions of colorectal cancer cases. "Advanced colorectal cancer," "early-stage colorectal cancer," or "colorectal cancer with unknown stage of progression" based on the colonoscopy were defined as "CRC." The site of "CRC" involves the colon and the rectum.
Incidence rate of FOBT-positivity. Let i be an index of sex (i = 1 for men; i = 2 for women) and j be an index of age (j = 1 for 40-49, j = 2 for 50-59, …, and j = 5 for 80 and over). To estimate the IR-FOBT by sex and age, formula (1) was used.
IR-FOBT
where P-FOBT denotes the number of subjects with positive results of FOBT and PY-FOBT denotes the sum of observed periods of each subject based on person-year method. We also calculated 95% confidence intervals (95% CI) of incidence rates based on the Poisson distribution as in supplementary document Table S1 (appendix).
Incidence rate of colorectal cancer. Let i, j, and k be indexes of sex, age, and year (k = 1 for 2007, k = 2 for 2008, and k = 7 for 2013). We defined "FOBT-positive and unknown about colonoscopy" as residents who were FOBT-positive and did not undergo colonoscopy or whose result of the colonoscopy was unknown. Then, IR-CRC by sex and age were estimated by formula (3):
where P-CRC is the number of subjects who were diagnosed with CRC at colonoscopy and PY-CRC is the sum of observed periods of each subject by person-year method. exP-CRC is the estimated number of CRC residents with "FOBT-positive and unknown result of colonoscopy" and is estimated as the following formula (4):
where NR-DE is the number of residents with "FOBT-positive and unknown result of colonoscopy" and PR-DE is the proportion of subjects who were diagnosed with CRC at colonoscopy among FOBT-positives (positive predictive value [PPV]).
Analysis of risk factors for the onset of colorectal cancer. To clarify the risk factors for the onset of CRC, we performed stepwise logistic regression analysis and Cox proportional hazards regression analysis. At the beginning of health checkups, all participants completed questionnaires containing questions about previous history of diseases, health conditions, lifestyle habits, and family's past history of diseases. The significance levels were set P < 0.20 for the stepwise variable selection, and 42 variables were used as the explanatory variables: sex, age, results of health checkup (body mass index, blood pressure, abdominal girth, liver function [aspartate aminotransferase and alanine aminotransferase], γ-glutamyltransferase (γ-GTP), neutral fat, high density lipoprotein (HDL), and blood glucose), 29 kinds of past medical histories, and family histories (hypertension, diabetes, and CRC). The objective variables were positive for FOBT and onsets of CRC. All statistical analyses were performed using JMP10 (SAS Institute Inc., Cary, NC, USA).
Ethical considerations. This study was conducted with approval from the Ethical Committees for epidemiological research at Hiroshima University, Japan (approval no. E-220; January 14, 2016). Written informed consent was obtained from all participants. Table 2 ). According to this age categories, the incidence of FOBT-positivity was approximately twice as high as that of men in the 70s, but it increased to 3.2 times in the age group over 80s, and it turned out to 2.7 times in women.
Incidence rate of colorectal cancer. The IR-CRC was 141.3 per 100 Kpy (95% CI: 120.7-164.4); as for the sex-specific, this incidence rate in men (217.0 per 100 Kpy, 95% CI: Table 3 ). Thereafter, the incidence of CRC in men in the 70s and in the 80s and over was 2.1 times and 3.8 times higher in compared with that in the 50s respectively. In women, it can also be said that the new CRC occurred 6.4 times, in the 70s, and 9.3 times, in the age group of 80 and over, higher than those in the 50s.
Risk factors for the onset of colorectal cancer. From a comparison of the results of health checkups, including biochemical examinations of blood, past medical histories and family histories, significant differences between the case and control groups in diastolic blood pressure (P = 0.0285), γ-GTP (P = 0.0081), past history of stroke (P = 0.0191), and family history of diabetes (P = 0.0370) ( Table 4 and supplementary document Table S1 appendix) were observed. The result of stepwise logistic regression analysis and Cox proportional hazards regression analysis to clarify the risk factors for the onset of CRC are shown in Table 5 . Of the 42 variables, eight variables were selected by stepwise for both analyses. As a risk factor for the onset of CRC from logistic analysis adjusted by 42 factors including age, sex, medical histories, and family histories, blood pressure (hypertension) was considered as one of the precipitating factors to increase the risk (adjusted odds ratio, 1.54; 95% CI: 1.04-2.33; P = 0.0352). As the risk factor of onset of CRC based on the proportional hazards regression analysis, blood pressure (hypertension) at health checkups was also related to increase the risk (adjusted hazard ratio, 1.49; 95% CI: 1.02-2.22; P = 0.0372).
Discussion
In Japan, the Nationwide Cancer Registry System has been introduced from January 2016. All medical institutions are now obligated to report information of all their cancer patients to their Prefecture's Cancer Registry Central Office. Thus, it will be possible to grasp more accurate incidence rates of cancer in 47 prefectures by exhaustive surveys in the future. In order to control cancer incidence in Japan, the National Cancer Center of Japan has estimated the cancer incidence annually by using the records collected from population-based cancer registries.
The Japan Cancer Surveillance Research Group under the National Cancer Center have analyzed the records from population-based cancer registries that were not complete surveys with about 10 steps of correction and estimated and published the cancer incidence annually in the National Estimates of Local Cancer Registries. [7] [8] [9] [10] [11] [12] [13] [14] [15] In this study, we conducted a retrospective cohort study aimed to estimate the incident rates of FOBT positivity and CRC and risk factors for the onset of CRC among the general population who had health checkups at "the Organization," one of the main health check-up facilities for residents in 14 of the 23 cities and towns of Hiroshima prefecture.
At first, the IR-FOBT positivity was estimated to be 4183 per 100 Kpy, which means the rate of new positive results of FOBT after 1 year. No other studies aimed to estimate IR-FOBT. Our results demonstrated the necessity of undergoing screening continuously and regularly even if being diagnosed to be FOBTnegative over 50 years old. In addition, we found that the IR-FOBT positivity was 1.3 times significantly higher for men than for women and 1.7-3.2 times significantly higher for those over 70 years of age than for those over 40 years. It is necessary for those over 50 years of age, especially for men, to undergo FOBT screening annually even they are negative for FOBT in their previous screening.
In our study, positives for FOBT were divided into three groups: residents whose result of the colonoscopy was known; residents whose result of the colonoscopy was unknown; and residents who did not undergo the colonoscopy. It was assumed that among residents whose result of the colonoscopy was unknown and residents who did not undergo the colonoscopy, CRC was CI, confidence interval.
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Incidence of colorectal cancer diagnosed at the same proportion as in those whose result of the colonoscopy was known. This proportion means the PPV. According to this hypothesis, we estimated the number of new CRC cases for all residents with positive FOBT and we estimated the IR-CRC by the person-years method. The incidence of CRC was calculated to be 141.3 per 100 Kpy. From the results, this hypothesis has novelty, originality, and validity. The Cancer Information Service, National Cancer Center, Japan, reported that the IR-CRC in all Japan in 2012 based on national estimates from local cancer registries was 132.5 per 100 K (162.2 for men, 104.3 for women). 9 Incidences of CRC among the general population in our study showed similar estimation within the reference range of report from National Cancer Center. However, in our study, we estimated the incidence of CRC that was newly diagnosed, but the government's estimated incidence might include duplicate registered cases. 8, 9 By this 7-year follow-up study, the estimated incidence of CRC among the residents was 141.3 per 100 Kpy in total and it was 2.3 times significantly higher in men than in women (217.0 [95% CI: 175.8-265.0] and 96.4 [95% CI: 75.5-121.4]). In particular, the rate was 2.1 times higher for men in their 70s than for men in their 50s, and it was 6.4 times higher for women in their 70s compared with women in their 50s. The estimated values in this study would represent the incidences of CRC for residents who underwent health checkups in the Hiroshima prefecture, and therefore, cancer may develop differently in different areas. However, despite differences in calculation methods, incidence rates in our study based on the person-year method were generally the same as cancer incidences reported by the National Cancer Center. The IR-CRC can be calculated from records of CRC screening in the general population.
We consider that the age is one of important confounding factor with CRC incidence and high blood pressure. Because of this reason, we conducted nested case-control study and selected the subjects with age, sex, medical histories, and family histories matching between cases and controls from this big database, and we tried to find the risk factors of onset of CRC. Furthermore, it was found that hypertension is related to the onset of CRC with multivariate analysis to adjust age, gender, and other factors. From the results of the multivariate analysis, high blood pressure at the health checkups was significant as a risk factor for the development of CRC (P = 0.0352). Other studies investigated the relationship between CRC and blood pressure, [16] [17] [18] [19] and metabolic syndrome including hypertension was reported to have a positive correlation between CRC and hypertension. [20] [21] [22] In other studies, relationships between CRC and diabetes mellitus have also been reported. 13, [23] [24] [25] In our study, there was no significant relationship between them. Subjects of this study were the individuals who underwent CRC screening between 2007 and 2014 and might be interested in their health, so there is a possibility of selection bias, but it might be less effect on our study because health checkup system in Japan covers all the population over 40 years of age.
This study revealed the incidence of FOBT-positivity and that of CRC based on person-years by using the results from CRC screening among residents. It was clear that both men and women had higher probabilities of developing CRC in their 80s. We observed a higher incidence of CRC in men than in women across all age groups. These facts suggest that it is important to strive for early detection of CRC by promoting screening for men and women, particularly from the age of 50 and beyond.
In this study, we proposed calculation method of CRC incidence rate from a big database. It is possible to calculate for the other area in the same way by using appropriate value of PPV. In other words, it becomes possible to construct cancer countermeasure according to the characteristics of the area.
The age of CRC screening in Japan is 40 to 69 years old. However, in our study of this time, the incidence of CRC in men in the 70s was 2.1 times, compared with that in the 50s, 3.8 times in men over the age of 80 years. Similarly, in women, it was found that the incidence of CRC was 6.4 times in the 70s and 9.3 times in the age group of 80 and over when compared with those in the 50s. It is necessary to provide decisive information to the prefecture that the incidence rate will increase when a person becomes 70s or 80s and to urge those people to undergo CRC screening initially by FOBT and then follow with the further examination including colonoscopy.
The IR-FOBT positivity is approximately twice as high as in men in the 70s, approximately 3.2 times in the age group over 80, and it turned out 2.7 times in the women. It is important for CRC screening to be examined even the age is over 70 years old. When FOBT becomes positive, it is important to countercheck with the further examination. 1.00 N = 1,341, R 2 = 0.015, P = 0.1336 P = 0.1299 † A stepwise procedure was used to select the previous risk factors among 42 variables including sex, age, medical histories, and family histories. ‡ High blood pressure is "SBP is 135 and over" and/or "DBP is 85 and over". *P < 0.05.
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